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What comes beyond the SM?
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What is SUSY?

SUSY is boson-fermion symmetry

Bosons and Fermions come in pairs

(o, ) (A4, A) (&’9)
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Particle Content of the MSSM

Superfield Bosons Fermions SU.3) SU,(2) U,()
Gauge
G*“ gluon g" 1 0
yk Weak W*W*,Z) 3 0
V' Hypercharge B(y) 1 0
Matter
L ' |
sleptons <
E, i 1 2
0) 40 2 1/3
U, squarks { [§] quarks { U, =u}, 3 1 —4/3
D, L D. =d; 3 1 2/3

Higgs

i \ ] R
H, - {Hl o { H, 1 2 -1
129S1N0S ~
o, U lm = H 1 21




The MSSM Lagrangian

L — Lgauge T LYukawa T LSoftBreaking

The Yukawa Superpotential

We=y,Q,HU,+y,0,HD,+y L HE,+uHH,

U
L™,
("L’
l—l—s
= Cl‘
{T

Yukawa couplings tliggs mixing term

Wy =4L L E,+ ;i'},LLQLDR + ﬂ'LLH » + AU R D Dy

R-parity R = (_)3(B—L)+28

The Usual Particle : R=+1
SUSY Particle : R= -1

B - Baryon Number hese terms are
epton Number forbidden in

the SM
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MSSM Parameter Space

Hidden

Lo = ALY, Q HUg +y,Q H, Dy +y L HE;} +BuH H,

Five universal
soft parameters:

+m§Z| % |2 +%M1/2Zaba%a

A, my, M,,, B< tanf=v,/v, and u

Versus ‘ M and A I in the SM
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Constrained MSSM

Requirements:

A09m09M1/29lu9tanﬁ

Allowed region

in the parameter
space of the MSSM
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Constrained MSSM (Choice of constraints)

Experimental lower limits on Higgs and superparticle masses

Regions excluded by Higgs experimental limits provided by LEP2
Myyios = 114.3 GeV
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B->s y decay rate

Standard Model MSSM

SM: B(B — X,v) = (3.28 £0.33) x 107,
MSSM

BR(b— sy)|,+ o pA; tan S f(m; ,m;  mgs )

Experiment B(B — X.y)=(3.43% 0.36)-10_4
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Constrained MSSM (Choice of constraints)

Data on rare processes branching ratios
B(B—> X.y)=(3.43% 0.36)-10_4

Regions excluded by experimental limits (for large tanf3)

o "
£ 1 000 E;1I:I|:II:I
200
_ 800 B —
tan 3 =35 tan p =50
600 GO0
400 400
200 k 200 | )
200 400 600 B00 1000 200 ADD 600 800 1000
m,, m
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SM

+
b W
tA _
8 W
b +
N \\

t A
s . -

Main SYSY
contribution

Br(B, — ptup~] ~
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Constrained MSSM (Choice of constraints)

Data on rare processes branching ratios
B(Bs - u 1) <3.7-107'

Regions excluded by experimental limits (for large tanf3)
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Anomalous magnetic moment

as™ = 11659 202 (14)(6) - 107" QPP = 1165847056 (0.29) - 109
;™ =11659159.6 (6.7) - 10710 a“et = 151 (0.4) - 107"

af™® — a5 = (127+10 ) - 10710 a,"" = 673.9(6.7) - 107"
H % =

:CD
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M,) m; do,  Mg8
o a 2
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“ 87Sin*Q, M: m
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Constrained MSSM (Choice of constraints)

Muon anomalous magnetic moment

_ AtX th ~-10
Aa,=a,’ —a, =(27£10)-10

Regions excluded by muon amm constraint
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Constrained MSSM (Choice of constraints)

The lightest supersymmetric particle (LSP) is neutral.

This constraint is a consequence of R-parity conservation requirement

Regions excluded by LSP constraint

& 1000 £ 1000
800 IT. i 00
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Favoured regions of parameter space

Pre-WMAP allowed regions in the parameter space.

From the Higgs searches tan 3 >4, from a, measurements p >0

g 1000 g 1000

800 800

o
W
_I #
T
b
@,

600 600

400 400

excl Higgs

"-.T:'\
200 X

200

200 400 600 800 1000
My

tan B =35

24.02.2010 16



Favoured regions of parameter space

Pre-WMAP dark matter constraint
0.1<Qh? <0.3

tan B =35 tan B =50
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Allowed regions after WMAP

Higgs

EWSB

tan B =50

24.02.2010

In allowed region one fulfills all
the constraints simultaneously
and has the suitable amount of
the dark matter

Narrow allowed region enables one
to predict the particle spectra and
the main decay patterns

Phenomenology essentially depends
on the region of parameter space and
has direct influence on the strategy of
SUSY searches
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Favoured regions of parameter space

Bulk region

22000
£

o T Vs T T Tt
SASEEES

The region is characterized
by low m, and low m,,, thus
leading to light superpartners

1500 0 2 N

1000

Typical processes:

annihilation of neutralinos 500
through t-channel slepton

and/or squark exchange:

200 1000 1500 2000
m,

yy— ff = DM
The bulk region is practically excluded by LEP2
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Favoured regions of parameter space

22000

~0 ~ o .
Z 7 -coannihilation region

The region is characterized by
low m, but large m,,,

Masses of tau-slepton and
neutralino are almost degenerate

Typical processes: neutralino-
stau co-annililation:

YT >T >y

£

1500

1000

500

$

r ;

o

"

y.
TL /
T

palgr
p
¥ = aa
Y
ey | Al
: . 1212

500 1000 1500

Possibility of long-lived heavy charged
staus flying through the detector or decaying at a distance !
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Favoured regions of parameter space

Focus point region

22000
£

The region is characterized by poost > 190

o T Vs T T Tt
SASEEES

large m, and low m,, 1500 | IS e
At the boundary of REWSB o :
excluded region neutralino is 1000 : :
almost higgsino t l l
Possible long-lived chrginos c00 f T s
Splitting of heavy squarks and h"‘;m H&W
sleptons from light gauginos 500 1000 1500 “—2o0l

my
Typical processes: annihilation
of neutralinos to gauge bosons

and/or quarks : yy ->WW,ZZ,qq

24.02.2010 21



Favoured regions of parameter space

A-annihilation funnel region

The region where
m, L 2m,
Typical processes:
resonance annihilation of
neutralinos to fermion pairs
through exchange of heavy
Higgses A (and/or H):
yy—>AH)> ff
The region requires large
tan B and leads to heavy
sparticles
24.02.2010
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Favoured regions of parameter space

EGRET region

The region is compatible
with diffuse gamma ray flux
from the DM annihilation

It corresponds to the best fit
values of parameters
tan 3= 51
mO = 1400 GeV
ml1/2 = 180 GeV

SUSY DM: |M 1 65 GeV
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Honroxusylme cynepvactTULbl

22000 [MpnynHa No KOTOPOW YaCTULbl MOTYT XUTb
OOnnro — BblpoXxaeHue no macce ¢ LSP
1500 =
[onroxuneyuwne T~
~J
1000 OonroxusyLune t
=00 [donroxunsyLune Zz DZI

Bpems xun3num > 101°%cek, M ~ 100 B
500 1000 1500 2000 y
m, | Pacnaj c obpasoBaHneM BTOPUYHOVA
BEPLUMHbI UNW NPONET CKBO3b AETEKTOP

[MpocTpaHcTBO napameTtpos MCCM

TpebyeT TOHKOW NOACTPOUMKM NapamMeTpoB
24.02.2010 24




Search for Superpartners
7 @ Colliders




Superpartners Production at LHC
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SUSY Signatures at LHC

Production Key Decay Modes Signatures
R
. §9,40,00 ezt {ma>m Fr + muldjers
0 (+leptons)
3 : 3};& }mg > my
. {i’:{g \1 — xXN*v, X5 — X8 Trilepton +¢fr
\'1 » X193, x5 — XU, Dilepton + jet +ﬁ‘q-
e U — 3*v Dilepton + ;’I'
o ¢ = NX, X! = X ﬁ‘q- + Dilepton + (jets) + (leptons)
o 11t ty — X3 2 acollinear jets + ﬁ}
t, — bxi, \1 — X — fqu' single lepton + ﬁ} +b's
ty — by, XF — X Dilepton +¢T +b's
o llviw E X0 - Dilepton +;T
U — X3 Single lepton + ﬁ‘T + (jets)

fr




Cascade Processes (weak int’s)

process final states process final states
{ {
! Ir\(’r]- o L’ 2 P (EF.I';I L’ 7
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Er
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Cascade Processes (strong int’s)

process final states process final states
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Creation and decay of superpartners
in cascade processes @ LHC

b @ | =
A S Sdl < - Xg Z l Z?
PN g b -
— b b l  ad
=u ) e : —
< b g q >,
b q =7
- |
L | q @ _ VY 4
- s ) wE di Y,
- q {7 Z?
i@ | o
= ~ X W q'i —
q Ik
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Background Processes in the SM
for superpartner production
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Cross-Sectlons a

cross section p-p to g g cross section p-ptoy; g |
E’1U
= .,—'-"'_FF.
T .,--""'_FF'- -
1= -

i I
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10'13“"‘
s

10

1000
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SUSY PRODUCTION AT LHC

p : / I\\‘B p
j_ ‘ Down
SIGNATURE:

4 b-jets + 4 muons + E,mss

LARGE!
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SUSY Searches at LHC
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MSSM versus SM

+Hdof=33117
~id of = 22413

Global fit to precision EW data

e MSSM is as good as SM

e B->sy

.3 } MSSM is better than SM
v
/ .0 Is NOT described by SM,
DM but is naturally described

/ by MSSM

SLC:
b —s ¥_p -
i —r N

pulle={data-thao)/errer
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SUSY: Pros and Cons

Pro -  Provides natural framework for unification with gravity
e Leads to gauge coupling unification (GUT)
e Solves the hierarchy problem
e |Is a solid quantum field theory
e Provides natural candidate for the WIMP cold DM
e Predicts new particles and thus generates new job positions

Contra : Does not shed new light on the problem of
e Quark and lepton mass spectrum
e Quark and lepton mixing angles
e the origin of CP violation
e Number of flavours
e Baryon assymetry of the Universe

Doubles the number of particles
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Conclusions
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